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Abstract
Objectives A systematic review and meta-analysis to assess
sensitivity and specificity of coronary CT angiography
(CCTA) for significant stenosis at different degrees of cor-
onary calcification.
Methods A literature search was performed including
studies describing test characteristics of CCTA for sig-
nificant stenosis, performed with at least 16-MDCT and
according to calcium score (CS). Invasive coronary an-
giography was the reference standard. Pooled sensitivity
and specificity of CCTA by CS categories and CT
equipment were calculated.
Results Of 14,121 articles, 51 studies reported on the impact of
calcium scoringon diagnostic performance of CCTA and could
be included in the systematic review. Twenty-seven of these
studies (5,203 participants) were suitable for meta-analysis. On
a patient-basis, sensitivity of CCTA for significant stenosis was
95.8, 95.6, 97.6 and 99.0% for CS 0–100, 101–400, 401–1,000
and >1,000 respectively. Specificity was 91.2, 88.2, 50.6 and
84.0% respectively. Specificity of CCTA was significantly
lower for CS 401–1,000 due to lack of patients without signif-
icant stenosis. Sensitivity and specificity of 16-MDCT were
significantly lower compared to more modern CT systems.
Conclusions Even in cases of severe coronary calcification,
sensitivity and specificity of CCTA for significant stenosis
are high. With 64-MDCT and newer CT systems, a CS cut-
off for performing CCTA no longer seems indicated.
Key Points
￿ Decisions about performing coronary CT angiography
(CCTA) sometimes depend on calcium scoring.
￿ CCTA is highly sensitive for coronary stenosis.
￿ With 16-MDCT, however, heavy calcification reduces
specificity for significant stenosis.
￿ For 64-MDCT (and above), CCTA has high specificity,
even with severe coronary calcification.
Keywords Computedtomographyangiography .Calcium
score .Coronary arterydisease .Meta-analysis .Systematic
review
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Computed tomography (CT) is increasingly used for non-
invasive imaging of the coronary arteries. With the rising
number of detectors in multidetector CT (MDCT) and the
introduction of dual-source CT (DSCT), the accuracy of
coronary CT angiography (CCTA) for detection of obstruc-
tive stenosis compared to invasive coronary angiography
has improved [1–3], with sensitivity increasing from 81%
for 16-MDCT to 94–100% for newest CT systems while
maintaining high specificity of 92–95% [4–6].
The specificity of CCTA may be affected by coronary
calcification, since severe calcification limits lumen assess-
ment due to blooming artefacts [7]. In case of a high calcium
score (CS), CCTA can yield false positive results, which is
one of the main reasons why current guidelines still consider
a high CS a contra-indication for performing CCTA [8, 9].
For this reason, some study groups have limited CCTA to
patients with CS below an arbitrary cut-off, with invasive
coronary angiography being used for diagnostic purposes in
those with higher CS [3, 8, 10–13]. In other studies, no CS
cut-off was applied [1, 2, 4–7, 14–51]. The question arises,
especially with the improved technology of the latest CT
systems, whether a CS cut-off is needed to obtain good
diagnostic accuracy in CCTA.
We performed a systematic review and meta-analysis to
(1) review the CS cut-off values reported in literature and (2)
assess sensitivity and specificity of CCTA by MDCT and
DSCT for significant stenosis (≥50%) at different degrees of
coronary calcification.
Materials and methods
Data sources
Pubmed and Embase were searched for studies published
between January 2001 and June 2011, using the following
search terms: ““Coronary Angiography”[MeSH] OR “Cor-
onary Artery Disease”[MeSH] OR “Coronary Stenosis”[-
MeSH] OR coronary[TIAB]) AND “Tomography, X-Ray
Computed”[MeSH] OR CT[TIAB] OR MDCT[TIAB] OR
DSCT[TIAB] OR “computed tomography”[TIAB] (limits:
publication date from 2001/1/1). We combined MeSH terms
with free text searches to assure the maximum number of
suitable articles. In Embase the same search was performed,
but MeSH terms were translated into Emtree terms. As a
starting date, 2001, the year 16-MDCT was introduced, was
chosen. 16-MDCT is still frequently used for CCTA [48]
and is the minimum recommended for calcium scoring
[52]. The meta-analysis was executed and reported
according to the Meta-Analysis of Observational Studies
in Epidemiology (MOOSE) [53] and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statements [54].
Study selection
Two reviewers (M.A.M.d.D., K.d.S.) independently
assessed articles for suitability. Disagreements were re-
solved by a third reviewer (R.V.). The articles were first
screened on title and abstract. When considered suitable or
when in doubt, the full text was reviewed. Reference lists of
suitable articles were searched for additional studies. Studies
were included in the systematic review if they (1) used or
suggested a CS cut-off for performing CCTA or (2)
addressed diagnostic accuracy of CCTA according to CS
categories. Articles were excluded if they (1) were labora-
tory or phantom studies, (2) concerned a review or case
report, (3) included examinations of stented or bypassed
coronary arteries, or (4) used <16-MDCT. There was no
language restriction for the search but during selection lan-
guage was restricted to English.
Articles in the systematic review were subsequently in-
cluded in the meta-analysis if they (1) reported test charac-
teristics of CCTA by CS categories, (2) used invasive
coronary angiography as reference standard and (3) reported
patient characteristics.
Data extraction
Using a standardised form, two reviewers extracted author,
year of publication, study design, type and brand of CT
system, study population size, median or mean patient age,
body mass index, heart rate during CT data acquisition, use of
beta-blockers or nitro-glycerine during CT data acquisition,
mean or median CS with range, number of examined seg-
ments and non-interpretive or excluded segments with rea-
sons, sensitivity, specificity, positive and negative predictive
value(PPVandNPV),andifavailable,accuracy(totalandper
CS) per patient and per segment. A third reviewer verified the
assembled data in case of discrepancies.
Quality assessment
Methodological quality and potential sources of bias in the
meta-analysis articles were assessed with 14 standard items
of the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) tool [54, 55]. For each article, a quality score
was accumulated by assigning 1 point to each QUADAS
item that was fulfilled, 0.5 point to unclear items, and 0
points to un-fulfilled items. A score ≥11 points was consid-
ered high quality and a score <11 points was considered low
quality [56]. Patient spectrum was defined as patients at
intermediate risk of coronary artery disease or primarily
referred for CCTA. Time period between tests was defined
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disagreements resolved by the third reviewer.
Statistical analysis
For the systematic review we summarised the data.
For the meta-analysis, studies were divided into catego-
ries based on whether they reported the results per segment
or per patient (or both). We predefined CS categories of 0–
100, 101–400, 401–1,000, and >1,000. Study results were
matched to these categories. If CS categories in the studies
did not match predefined categories, we compared median
CS with 25th/75th percentile of the reported categories to
the predefined categories. If median CS was not available,
we used mean CS with standard deviation. The results of
reported categories were then included in the predefined
category in which 80% of the patients fell. In a subsequent
analysis the studies were stratified by CT system type.
Sensitivity, specificity, PPV, NPV, positive and negative
likelihood ratios, and diagnostic odds ratio were calculated
from the true positive, false positive, false negative, and true
negative. If counts were unavailable, we calculated these
from available diagnostic test characteristics using an Inter-
net tool [57]. From reconstructed data, test characteristics
were back-calculated for verification. We used a two-level
mixed logistic regression model, taking into account random
effects. For all calculations, 95% confidence intervals (CIs)
were obtained using the F distribution method to compute
the exact confidence limits for the binomial proportion. The
sensitivity and specificity per CS category were pooled
weighted to the study sample size. A forest plot was gener-
ated to visualise this information. A summary receiver op-
erating characteristics (sROC) curve was constructed to
assess the diagnostic performance [58]. Analyses were re-
peated after exclusion of low-quality studies and after ex-
clusion of studies that excluded over 10% of segments. The
normality of data on non-assessable and false positive seg-
ments was tested with the Kolmogorov-Smirnov test. The
difference between 16-MDCT and newer CT systems re-
garding non-assessable and false positive segments was then
compared with a weighted Mann-Whitney U-test.
Publication bias was assessed with the Begg and Mazum-
dar rank correlation and Egger’s regression test. Heteroge-
neity and inconsistency were tested with the Cochran Q test
and I
2 statistic for sensitivity and specificity separately [59,
60]. Possible sources of heterogeneity were predefined and
checked in subgroup analyses based on CS, average age,
gender, CT system employed, study size, study design, slice
thickness, tube current, and iodine contrast [61, 62]. Statis-
tical analyses were performed using Stata®/SE 11.2 (Stata-
Corp, College Station, TX), METANDI package [63], and
Meta-DiSc, version 1.4 (Hospital Universitario Ramón y
Cajal, Madrid, Spain).
Results
Systematic review
The results of the literature search including reasons for
exclusion of articles are shown in Fig. 1. In the primary
search, 14,121 articles were retrieved. On the basis of title
and abstract, 13,784 articles could be excluded. After
reviewing 437 full-text articles, 51 were included in the
systematic review. Of these (see Table e1 in the Electronic
Supplementary Material), 32 were performed in Europe, 10
in Asia, 7 in the United States, and 2 in Australia and Brazil.
The number of included patients ranged from 19 to 1,500.
Overall mean patient age was 60.7 years (range 48–
70.8 years). The percentage of men ranged from 42.4 to
87.5%. Mean CS ranged from 96 to 1,589 and median CS
from 15 to 1,146.
Twelve studies demonstrated good diagnostic accuracy of
CCTA, even in case of high CS. Of these, 16-MDCT was
used in three studies [16–18], 64-MDCT in four [14,
19–21], DSCT in two [22, 23], and 320-MDCT in one
[64]. The last compared 64-MDCT to DSCT [24]. Thirty-
four studies suggested a cut-off. The recommendations of 24
studies were based on the decrease in diagnostic accuracy of
CCTA and the risk of non-diagnostic examinations [2–6, 8,
Fig. 1 Flow chart of the literature search
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coronary artery disease (CAD) [39–44], and 3 on the ROC
[45–47]. Of the 34 studies, 7 suggested a CS cut-off of
around 100 (range 40–142). Three suggested a cut-off of
about 300 (range 297–350), 16 suggested a cut-off of 400.
Eight studies opted for a cut-off of >400: one for 600, one
for 800, and six for 1,000. The suggested CS cut-off differed
by CTsystem type. A scatter plot of the suggested cut-off by
t h et y p eo fC Ts y s t e mu s e di ss h o w ni nF i g .e 1 in the
Electronic Supplementary Material. Five studies found a
decrease in accuracy or quality of CCTA, without proposing
a CS cut-off [7, 48–51].
Seven studies applied a CS cut-off above which no
CCTA was performed. Mentioned CS cut-offs were 400
[13], 500 [11], 600 [3], 800 [12], and 1,000 [8, 10]. One
study [64] applied a minimum CS cut-off of 600.
Meta-analysis: study and patient characteristics
Twenty-seven studies were included in the meta-analysis. In
total, 5,203 patients were included. Characteristics per study
are presented in Table 1. On average, 193 patients were
included per study (range 30–1,500). The mean CS was
500 Agatston units (range 0–8,420), median 220 (interquar-
tile range 133–330). The median age was 62 years (inter-
quartile range 59–63) and 67% were male. Of included
patients, 767 (14.7%) had diabetes, 2,372 (45.6%) hyper-
tension, 2,617 (50.3%) hyperlipidemia, and 906 (17.4%)
obesity. Smoking was present in 1,658 (31.9%) patients.
One hundred and seventy-six (3.4%) patients were asymp-
tomatic, 680 (13.1%) had atypical chest pain, 1,866 (35.9%)
had typical angina, 769 (14.8%) had unstable angina or non-
ST-wave myocardial infarction, and 1,406 (27.0%) were
Table 1 Characteristics of the 27 studies included in the meta-analysis
Author Year Type of CT
scanner
Number
of patients
Mean ± SD
age (years)
Male/female
(n )
Calcium score subgroups used Excluded segments,
n (%)
Maffei [14] 2011 64-MDCT 1,500 58±12 928/572 0, 1−10, 11−100, 101−400,
401−1,000, >1,000
0
Gang [6] 2011 320-MDCT 60 68±9 38/22 0−100, >100 0
Nazeri [31] 2011 64-MDCT 168 58±11 126/42 0−100, 101−418, 419−8,420 0
Zhang [5] 2010 DSCT 113 64±12 82/13 0−100, 101−400, >400 11 (0.7)
Dewey [51] 2010 64-MDCT 291 59.3±10 214/77 0−100, 101−300, 301−600 na
Bettencourt [32] 2009 64-MDCT 237 67±10 114/123 ≤10, 11−400, 401−1,000, >1,000 167 (4.1)
Meijs [24] 2009 64-MDCT 360 60±6 245/115 <10, 10−99, 100−399, ≥400 na
Meng [37] 2009 DSCT 109 63±9 68/41 0−100, 101−400, >400 25 (1.6)
Palumbo [39] 2009 64-MDCT 200 57±13 169/31 0, 1−10, 11−100, 101−400, >400 0
Diederichsen [25] 2009 64-MDCT 109 63±11 58/51 0 vs. >0, 50≤ vs. >50, 100≤ vs. >100,
200≤ vs. >200, 400≤ vs. >400
na
Marano [48] 2009 16-, 64-MDCT 350 64 265/85 0−100, 101−400, 401−1,000, >1,000 0
Stolzmann [22] 2008 DSCT 100 64.2±6.5 62/38 0−315, ≥316 76 (4.8)
Budoff [33] 2008 64-MDCT 230 57±10 136/94 0−400, >400 na
Ulimoen [26] 2008 64-MDCT 48 65.1 31/29 0−300, >300 177 (26.6)
Brodoefel [34] 2008 DSCT 100 62±10 80/20 0−100, 101−400, >400 71 (5.5)
Alkadhi [27] 2008 DSCT 150 62.9±12.1 103/47 0−194, >194 0
Brodoefel [35] 2007 64-MDCT 102 62±10 82/20 0−100, 101−400, >400 26 (2.0)
Hausleiter [2] 2007 16-, 64-MDCT 243 62.0±9.9 158/85 0−999, ≥1,000 0
Meijboom [50] 2007 64-MDCT 104 59 75/29 0−105, 107−375, 400−2,870 181 (10.6)
Coles [28] 2007 16-MDCT 120 61.9±10.7 78/42 <100, 100−400, >400 273 (22.0)
Burgstahler [15] 2007 DSCT 41 66.2±8.4 35/6 0−350, <350 0
Scheffel [23] 2006 DSCT 30 63.1±11.3 24/6 <400, ≥400 46 (9.9)
Mitsutake [40] 2006 16-MDCT 92 63±11 68/24 0, 1−399, ≥400 101 (11.0)
Manghat [4] 2006 16-MDCT 40 70.8±10 27/13 ≤400 vs. >400, ≤1,000 vs. >1,000 38 (8.4)
Ong [29] 2006 64-MDCT 134 54.5±8.8 98/36 <142, ≥142 143 (9.7)
Mollet [20] 2005 64-MDCT 52 59.6±12.1 34/18 0−10, 11−400, 401−1,000, >1,000 142 (16.4)
Cademartiri [18] 2005 16-MDCT 120 59±11 105/15 <55, ≥55 0
CT Computed tomography, SD standard deviation, MDCT multidetector computed tomography, DSCT dual-source computed tomography, na not
applicable as analyses were performed on a per-patient basis
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preoperatively in 306 (5.9%) patients. On invasive coronary
angiography, 2,075 patients (39.4%) had at least one steno-
sis with ≥50% lumen diameter reduction, with significant
CAD in one, two, and three vessels in 15, 10, and 5% of
patients respectively. Furthermore, 1.5% of patients had
non-quantified multivessel disease and 8% of patients had
significant CAD, single or multivessel. On CT, significant
stenosis was present in 36.8% of patients with CS 0–100,
58.4% with CS 101–400, 86.2% with CS 401–1,000, and
67.1% with CS >1,000. Twenty-one studies with a total of
4,504 patients reported patient-based results, and 23 studies
with a total of 56,256 segments showed segment-based
results. In these studies, an extra 1,539 segments were
excluded. In most studies, the main reasons were motion
artefacts or small vessel size. Only five studies specifically
mentioned the exclusion of segments due to severe calcifi-
cation [4, 26, 28, 29, 40]. In patient-based (segment-based)
analyses, 3 (6) studies used 16-MDCT, 12 (9) 64-MDCT, 1
(1) 320-MDCT, and 5 (7) DSCT.
Meta-analysis: study quality
Quality assessment is shown in Fig. 2. Overall, the
quality of included articles was high (mean score 11.8;
3 studies with score <11). Many studies were performed
double-blinded, so they fulfilled the clinical review bias
item (clinical review bias avoided). In 96% of the
studies, interpreters of CCTA were blinded to the results
of invasive coronary angiography (test review bias
avoided) and vice versa in 74% (diagnostic review bias
avoided).
Meta-analysis: results
Publication bias was present in neither patient-based nor
segment-based analysis.
The overall pooled sensitivity and specificity were 96.9%
(95% CI 96.1–97.5) and 86.4% (95% CI 84.9–87.9) in
patient-based analyses. On a per-segment basis the pooled
results were 88.8% (95% CI 88.0–89.5) and 94.9% (95% CI
94.7–95.1) respectively. Sensitivity and specificity by CS
categories can be found in Table 2. Compared to the overall
pooled specificity, a CS of 0–100 scored significantly better
(P<0.01). In patient-based analyses, the specificity for CS
of 401–1,000 was significantly lower than overall (P<0.01).
The specificity for CS over 1,000 was 84.0% (95% CI 76.5–
89.9), not significantly different from the overall pooled
specificity. The drop in specificity for CS of 401–1,000
was not seen in segment-based analyses. In segment-based
analyses, the specificity decreased significantly with in-
creasing calcium score, from 98.4% for CS 0–100 to
88.6% for CS over 1,000 (P<0.01). Exclusion of low-
quality studies did not alter the results (results not shown).
Fig. 2 Study quality summaries of articles included in the meta-analysis, assessed using the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) tool
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the 2×2 tables per CS category and CT system.
SROC curves on a patient-basis are shown in Fig. 3. Area
under the curve for the ROCs was 0.97 (95% CI 0.96–0.99),
0.97 (95% CI 0.94–1.00), 0.87 (95% CI 0.74–1.00), and
1.00 (95% CI 0.97–1.000) for increasing CS categories in
patient-based analysis. On a per-segment basis it was 0.99
(95% CI 0.97–1.00), 0.98 (95% CI 0.96–0.99), 0.97 (95%
CI 0.94–0.98), and 0.98 (95% CI 0.96–1.00) respectively.
16-MDCT had a significantly lower specificity in patient-
and segment-based analyses (P<0.01), as well as a lower
sensitivity on a per-segment basis (P<0.01). 64-MDCT and
newer CT systems had significantly improved sensitivity
and specificity (P<0.05). Results can be found in Table 3
and in the Electronic Supplementary Material in Tables e3a
and e3b.
In 16-MDCT, 3 of 6 studies reported that segments were
excluded due to heavy calcification, while only 2 of 17
studies using 64-MDCT or newer CT systems reported this.
The median percentage of non-assessable segments was
considerably higher in 16-MDCT than in 64-MDCT and
newer CT systems: 6.1 (interquartile range 3.6–6.1) versus
0.0 (interquartilerange 0.0–0.7)respectively(P<0.001).Even
so, the mean percentage offalse positive results of stenosis on
CCTA was significantly higher in 16-MDCT than in 64-
MDCT and newer CT systems, 9.0 (interquartile range 4.2–
9.0) versus 4.3 (interquartile range 3.3–4.3) (P<0.001). The
number of false positive results in case of CS >400 was
Table 2 Sensitivity and speci-
ficity of coronary CT angiogra-
phy by calcium score
CI Confidence interval
*P<0.05 in comparison to over-
all test characteristic
Calcium score Sensitivity (95% CI) Specificity (95% CI)
Per patient Overall 96.9 (96.1−97.5) 86.4 (84.9−87.9)
Calcium score 0−100 95.8 (93.8−97.2) 91.2 (89.3−92.9)*
100−400 95.6 (93.7−97.1) 88.2 (84.8−91.0)
400−1,000 97.6 (95.9−98.7) 50.6 (39.5−61.7)*
>1,000 99.0 (97.0−99.8) 84.0 (76.5−89.9)
Per segment Overall 88.8 (88.0−89.5) 94.9 (94.7−95.1)
Calcium score 0−100 93.0 (91.5−94.3)* 98.4 (98.2−98.6)*
100−400 90.4 (88.8−91.8) 94.6 (94.2−94.9)
400−1,000 89.8 (88.1−91.3) 90.9 (90.1−91.7)*
>1,000 94.9 (93.5−96.1)* 88.6 (87.7−89.5)*
Fig. 3 SROC curves on a
patient-basis, per calcium score
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newerCTsystems,3.1(interquartile range 2.5–3.7)versus2.5
(interquartile range 2.0–2.5) (P<0.001).
Meta-analysis: subgroup analyses
Patient- and segment-based analyses showed heterogeneity
(I
2 of 86 and 96% respectively). To assess possible sources
of heterogeneity, we performed several subgroup analyses.
Results for subgroups in patient-based analyses are shown
in Table 4. Compared to overall pooled results, significantly
lower sensitivity and specificity were found for multicenter
trials (P<0.05). Significantly higher specificity was found
for studies with consecutive inclusion of patients (P<0.05),
and for studies using thinner CT slice thickness (P<0.01).
Subgroup results for segment-based analyses are shown
in Table 5. Most results were similar to the patient-based
analyses. Significantly lower specificity was found for
Table 3 Sensitivity and speci-
ficity of coronary CT angiogra-
phy by scanner generation
CI Confidence interval, MDCT
multidetector computed tomog-
raphy, DSCT dual-source com-
puted tomography
*P<0.05 in comparison to over-
all test characteristic
Subgroup Number of patients
(number of studies)
Sensitivity (95% CI) Specificity (95% CI)
Per patient Overall 96.9 (96.1−97.5) 86.4 (84.9−87.9)
Scanner type
16-MDCT 626 (3) 95.0 (92.1−97.0) 77.6 (72.2−82.3)*
64-MDCT 3,366 (12) 97.2 (96.3−97.9) 87.5 (85.8−89.1)
320-MDCT 60 (1) 100 (92.3−100) 92.9 (66.1−99.8)
DSCT 502 (5) 96.6 (93.9−98.4) 89.8 (84.8−93.6)
Per segment Overall 88.8 (88.0−89.5) 94.9 (94.7−95.1)
Scanner type
16-MDCT 10,791 (6) 75.4 (73.1−77.6)* 92.4 (91.9−93.0)*
64-MDCT 35,074 (9) 92.9 (92.0−93.8)* 95.4 (95.2−95.7)*
320-MDCT 866 (1) 95.3 (91.0−98.0)* 97.6 (96.1−98.6)*
DSCT 9,525 (7) 92.0 (90.5−93.4)* 95.5 (95.0−95.9)
Table 4 Patient-based sensitivi-
ty and specificity of coronary CT
angiography by subgroups
CI Confidence interval
*P<0.05 in comparison to over-
all test characteristic
Subgroup Number of patients
(number of studies)
Sensitivity (95% CI) Specificity (95% CI)
Age
Average ≤62 years 3024 (9) 97.2 (96.3−97.9) 86.5 (84.5−88.3)
Average >62 years 1,530 (12) 96.1 (94.4−97.4) 86.4 (83.7−88.7)
Gender
Males ≤70% 3,329 (13) 98.1 (97.3−98.7) 86.0 (84.2−87.7)
Males >70% 1,225 (8) 94.3 (92.5−95.8)* 88.1 (84.6−91.1)
Study size
≤120 Patients 736 (9) 97.5 (95.6−98.7) 90.5 (85.9−94.0)
>120 Patients 3,818 (12) 96.7 (95.8−97.5) 85.9 (84.3−87.5)
Study design
Consecutive 2,479 (8) 98.1 (97.2−98.7) 90.0 (88.1−91.7)*
Non-consecutive 1,200 (5) 97.8 (96.1−98.9) 82.1 (77.6−86.1)
Multicenter 875 (8) 93.7 (91.6−95.5)* 81.4 (77.9−84.6)*
Slice thickness
Slice <0.75 mm 2,489 (8) 96.7 (95.6−97.5) 91.0 (89.2−92.6)*
Slice ≥0.75 mm 722 (6) 96.0 (93.9−97.6) 83.1 (77.7−87.7)
Tube current
Current <500 mAs 1,221 (8) 94.3 (92.3−95.9)* 87.3 (84.2−90.0)
Current ≥500 mAs 2,984 (10) 98.4 (97.6−98.9)* 85.9 (83.9−87.7)
Contrast
Iodine <350 mg/ml 877 (7) 97.2 (95.2−98.5) 84.9 (81.0−88.2)
Iodine ≥350 mg/ml 2,147 (12) 95.5 (94.2−96.6) 82.6 (79.9-85.0)
2694 Eur Radiol (2012) 22:2688–2698studies with non-consecutive inclusion (P<0.01), studies
with more women (P<0.01), thicker slice thickness (P<
0.01), higher current (P<0.05), and higher iodine concen-
tration (P<0.01). The lower specificity associated with high
iodine contrast material and higher tube current can be
explained by the number of 16-MDCT studies and the 16-
MDCT study of Coles et al. [28] respectively.
Exclusion of studies that excluded over 10% of segments
did not influence diagnostic performance.
Discussion
This meta-analysis in 5,203 patients shows that specificity
of CCTA for significant stenosis remained high in case of
severe coronary calcification, with newer CTsystems of 64-
MDCT and beyond. For patients with CS over 1,000, the
specificity of CCTA was 84% (89% in segment-based anal-
ysis), not significantly lower than overall. The test character-
istics for 16-MDCT were significantly worse. The results
suggest that for modern CT systems (at least 64-MDCT), a
high CS should not necessarily imply cancellation of CCTA.
In a recent meta-analysis on this topic that only included
64-MDCTstudies [65], Abdulla et al. concluded that CCTA
was not feasible for CS over 400, with a specificity of 85%
and 66.5% for low and high CS. However, other studies
have shown the quality of DSCT has significantly improved
compared to MDCT [32, 58]. This was the reason for the
current meta-analysis and for including different CTsystems
that are deemed accurate for evaluating CS (16-MDCT and
beyond). Additionally, we analysed categories that included
higher CS levels than previously, and in subgroups, to
evaluate the impact of different factors on the test character-
istics. Similar to the study by Abdulla [65], we found a
significant reduction in patient-based specificity for CS
between 401 and 1,000. The reason for this finding is that
in this specific group, the contributing studies reported few
to no patients without significant stenosis on invasive coro-
nary angiography. For a CS over 1,000, the specificity was
not significantly different from the overall specificity. Inter-
estingly, of patients with a CS over 1,000, a larger propor-
tion did not have significant stenosis on invasive coronary
angiography. We suspect selection bias of patients is a
contributing factor.
In the meta-analysis the specificity of 16-MDCT was sig-
nificantly lower both in patient-based and segment-based
analysis. In patient-based analyses, there was no significant
difference between newer CT systems and overall. In
segment-based analyses, both sensitivity and specificity for
64-MDCT and newer CT systems were significantly better.
Table 5 Segment-based sensi-
tivity and specificity of coronary
CT angiography by subgroups
CI Confidence interval
*P<0.05 in comparison to over-
all test characteristic
Subgroup Number of segments
(number of studies)
Sensitivity (95% CI) Specificity (95% CI)
Age
Average ≤62 years 36,885 (11) 90.8 (89.8−91.6)* 94.5 (94.2−94.7)
Average >62 years 19,371 (12) 85.0 (83.5−86.5)* 95.7 (95.4−96.0)*
Gender
Males ≤70% 15,029 (10) 90.1 (88.5−91.5) 93.6 (93.1−94.0)*
Males >70% 41,227 (13) 88.4 (87.4−89.3) 95.4 (95.2−95.6)*
Study size
≤120 Patients 13,601 (13) 90.8 (89.4−92.0) 94.7 (94.3−95.1)
>120 Patients 42,655 (10) 87.9 (86.9−88.8) 95.0 (94.7−95.2)
Study design
Consecutive 39,661 (13) 91.8 (90.9−92.6)* 95.6 (95.4−95.8)*
Non-consecutive 11,967 (9) 88.3 (86.8−89.8) 92.1 (91.5−92.6)*
Multicenter 4,628 (1) 70.5 (66.7−74.1)* 95.8 (95.4−96.2)*
Slice thickness
Slice <0.75 mm 33,362 (8) 90.1 (89.1−91.1) 95.8 (95.6−96.0)*
Slice ≥0.75 mm 11,673 (9) 84.8 (83.0−86.4)* 93.7 (93.2−94.2)*
Tube current
Current <500 mAs 13,881 (10) 90.6 (89.2−91.8) 96.1 (95.8−96.5)*
Current ≥500 mAs 37,327 (11) 90.7 (89.7−91.6)* 94.3 (94.1−94.6)*
Contrast
Iodine <350 mg/ml 10,238 (7) 92.1 (90.7−93.4)* 96.1 (95.6−96.5)*
Iodine ≥350 mg/ml 23,737 (13) 83.8 (82.4−85.1)* 94.1 (93.8−94.4)*
Eur Radiol (2012) 22:2688–2698 2695Even in case of severe calcification there was no significant
difference in sensitivity or specificity compared to overall test
characteristics. The systematic review showed that there is a
broad diversity in CS cut-offs proposed, although a cut-off of
400 was most commonly used. Interestingly, despite the in-
creasing accuracy, there was a tendency for recommending
lower CS cut-offs for newer CT systems. The current meta-
analysis shows that accuracy of CCTA has considerably im-
proved with 64-MDCTand newer CTsystems, implying that
chosen CS cut-offs may not apply to newer CTsystems. This
is in discordance with the latest appropriate use criteria report,
whichstillqualifiesperformingCCTAincaseofa CSof401–
1,000 or over 1,000 as uncertain, under the assumption of 64-
MDCTas a minimum requirement [9]. In that report, the use
of CCTA was deemed appropriate in patients with a low and
intermediate pretest probability of coronary artery disease,
either symptomatic or pre-operative, similar to the patient
populations included in this meta-analysis.
Some studies in the meta-analysis also included patients
with high pre-test probability of CAD. A large percentage of
these patients were in the category of a calcium score
between 401 and 1,000. In total 3 of 11 studies included
patients with a high pre-test probability. This may partly
explain the high prevalence of significant coronary artery
disease in this patient group. According to the appropriate
use criteria [9], there is no indication for CCTA in a high
risk population. On the other hand, in the patient group with
a calcium score over 1,000, more patients were at low and
intermediate pre-test probability. In this group, as much as
one-third of patients did not have significant stenosis. We
focused on the diagnostic accuracy of CCTA for stenosis
detection according to the CS. Thus, this study did not set
out to answer the question whether in patients with high
probability of significant CAD invasive coronary angiogra-
phy rather than CCTA is indicated in case of a high CS,
based on a high overall prevalence of significant stenosis.
Also, according to the current guidelines, there is no indi-
cation for CCTA in asymptomatic patients with high calci-
um scores.
Even though diagnostic accuracy of CCTA is high with
modern CT technology, and a CS cut-off may no longer be
necessary, there are issues to keep in mind. If the CS is based
on considerable calcification limited to a small area, there is a
greater probability of artefacts and false positive results of
CCTA, compared to a more even distribution of coronary
calcification. Considering this, CCTA can be non-diagnostic
for a certain coronary segment in case of a CS of 100, while
CCTA in a patient with a CS of 1,500 can have good diag-
nostic quality [7, 66]; Coles [28]f o u n dad e c r e a s ei na c c u r a c y
for proximal segments mainly due to quantity of calcium.
Cademartiri [18] and Mollet [20] found that large calcium
deposits led to overestimation of lesion grade, but CCTA still
maintained high overall sensitivity and specificity. With
modern CT systems, the percentage of non-assessable seg-
ments has significantly decreased, in this meta-analysis from
5.8% in 16-MDCT to 1.4% in 64-MDCT and newer CT
systems, while the mean number of false positive segments
has also decreased with 64-MDCT and newer CT systems.
Despite the fact that more segments were analysed, likely also
including more segments with considerable calcification, the
percentage of false positive segments for a CS >400 in 64-
MDCTand newer CTsystems showed a minimal decrease to
2.5 from 3.1%. The studies that reported excluding some
segments due to heavy calcification did not specify what the
calcium scores of the specific segments or of the involved
patients were. However, the studies did not exclude all seg-
ments of a patient, even ifthe patient had a total calciumscore
over 1,000.
In clinical practice, the decision whether or not to per-
form CCTA, if dependent on CS, is usually based on the
total CS and not on the distribution of calcified lesions. In
this study we could not take calcium distribution into ac-
count when investigating the performance of CCTA.
Limitations to the current study include the fact that
arbitrary cut-offs were chosen for the CS categories. How-
ever, CS cut-offs were based on values commonly reported
in literature. Also, as CS categorisation for individual stud-
ies sometimes had to be fitted to the predefined categories,
there could be partial overlap of CS ranges for fitted study
categories with neighbouring CS categories. As this was
randomly the case, we do not expect this to have caused a
systematic bias, although it could have slightly attenuated
differences in test characteristics between CS categories.
Furthermore, we restricted the systematic review to studies
that reported the CS or a CS cut-off in association with
CCTA. In many articles on CCTA, the CS is not mentioned.
These studies may have performed CCTA even in high CS.
The results of these studies could not be included in the
systematic review or the meta-analysis. Second, there are
limited CCTA publications on 256- or 320-MDCT; thus we
could not accurately evaluate the performance of these mod-
ern MDCT machines.
In conclusion, with 64-MDCTand newer CTsystems, the
sensitivity and specificity of CCTA for significant stenosis
remain high in case of severe coronary calcification. There-
fore a CS cut-off above which CCTA should not be per-
formed seems no longer to be indicated.
Acknowledgements This study was presented at ECR 2012.
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